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ABSTRACT 


Excretion  studies  were  carried  out  on  a  series  of  14 
32 

patients.  In  II  cases  P  was  administered  intravenously  and  in 

3  cases  orally,  under  strict  f ast i ng  cond i t ions .  In  all  cases 

the  radio-phosphorus  was  carrier  free  and  no  additional  carrier 

was  administered.  Under  these  conditions  the  fecal  excretion  was 

32 

found  to  be  low.  The  average  urinary  excretion  of  P  for  the 
entire  series  was  14.7#  in  3  days,  and  the  average  fecal  excretion 
1.4#  for  the  same  period.  From  consideration  of  other  published 
studies  it  would  appear  that  carrier  will  tend  to  increase  the 
urinary  excretion  after  intravenous  dosage  and  food  and  carrier 
will  both  increase  fecal  excretion  after  oral  administration. 

By  observing  strict  fasting  conditions  and  using  carrier 
32 

free  P  it  should  be  possible  to  administer  the  same  therapeutic 
32 

dose  of  P  either  intravenously  or  orally  to  obtain  the  same 
clinical  results.  That  is  to  say,  under  the  above  conditions  an 
increase  of  33#  as  often  recommended  in  the  oral  dose  is  not 
necessary. 


Radiation  to  the  blood  calculated  in  16  cases  was  found 
to  lie  between  1.93  rad  me.  and  8.78  rad  me.  administered. 

Total  body  radiation  varied  from  5.33  -  6.36  rad  me.  as 
a  possible  lower  I imit  and  8.24  -  9.89  rad  me.  administered  as  the 
range  of  the  possible  upper  I imits. 
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INTRODUCTION 


A  search  of  the  I  iterature  (1-35)  revealed  on  I y  a  small 

number  of  patients  treated  for  polycythemia  rubra  vera  with  radio- 

32 

active  phosphorus  in  whom  the  excretion  of  P  in  both  urine  and 

feces  had  been  followed  (7).  Some  early  references  also  dealt  with 

tracer  studies  in  normal  persons  (4,  10).  It  is  unlikely  that  the 

P~'“  in  these  reports  (prior  to  1945)  was  manufactured  carrier  free 

and  in  most  cases  it  was  stated  that  administration  was  accompanied 

by  additional  carrier.  These  excretion  figures  are  quoted  without 

exception  by  al I  subsequent  authors.  In  none  of  the  oral  cases  and 

only  one  of  the  intravenous  cases  is  there  reference  to  the  patient 

being  kept  in  a  fasting  state  before  and  after  administration  of  dose. 

32 

It  was  felt  that  both  the  amount  of  carrier  added  to  the  P  (in  the 
case  of  the  oral  and  intravenous  route)  as  well  as  the  fasting  or 
non-fasting  condition  of  the  patient  (in  the  case  of  the  oral  route) 
would  affect  the  excretion  rates. 

We  considered  that  further  knowledge  of  excretion  rates  in 

32 

patients  treated  with  the  currently  used  carrier  free  P  ,  both  orally 

and  intravenously,  would  be  of  significance  in  view  of  the  cl  ini  cal 

schedules  of  dosages  for  polycythemia  rubra  vera  given  by  accepted 

authorities  (I,  2,  5,  8,  26,  27,  33,  34)  all  of  whom  state  that  when 

32 

used  orally,  the  dose  of  P  administered  should  be  increased  by  a 

4 

factor  of  —  to  compensate  for  the  25$  -  33$  of  the  dose  not  absorbed 
by  the  gastrointestinal  tract.  Some  of  the  authorities  (I,  33,  34) 
even  specify  the  above  increase  under  strict  fasting  conditions 
before  and  after  therapy. 
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It  was  thought  worthwhile  to  follow  a  series  of  patients 
32 

treated  with  carrier  free  P  for  as  long  as  feasible  and  employ 
liquid  counting  methods  available  only  since  1948  (i.e.,  subsequent 
to  the  original  work  on  this  topic). 

32 

Treatment  of  polycythemia  rubra  vera  with  P  is  successful 

between  a  relatively  wide  range  of  clinical  dose  levels.  These  dose 

levels  have  been  arrived  at  by  experience  over  the  years  and  are  not 

yet  on  a  scientific  basis.  Very  little  is  known  of  the  underlying 
32 

action  of  P  on  bone  marrow.  However ,  with  the  present  day  stress 

on  genetic  hazard  to  man  from  radiation  and  the  poss i b i I i ty  of 

32 

I eukaemogen ic  effects  of  P  it  becomes  increasingly  important  to 
assess  the  individual  total  body  radiation  in  patients  treated. 

[t  is  also  important  to  keep  the  dosage  low  and  to  repeat  it  as 
infrequently  as  possible.  The  general  theory  for  total  body  radiation 
has  been  worked  out  by  Hine  and  Brownell  (II);  Quimby  (26)  refined 
this  to  some  extent  but  used  the  conclusions  and  average  excretion 
figures  of  the  small  series  of  Erf  and  Lawrence  (7,  19).  We  have 
developed  the  basic  dosimetry  further  in  this  paper.  We  then  applied 
this  to  each  case  studied  using  the  individual  radioactive  phosphorus 
excretion  rate  and  body  mass. 


The  act i v i ty  of 


in  the  blood  was  also  followed  and  the 


radiation  levels  to  the  blood  calculated  to  attempt  a  link  between 
these  levels  and  the  results  of  therapy. 
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MATER1ALS  AND  METHODS 

From  September  8,  1959,  to  June  10,  1961,  twenty-four 

patients  were  admitted  to  the  University  Hospital  for  therapy  with 

radioactive  phosphorus;  twenty-two  of  whom  were  diagnosed  as  having 

polycythemia  rubra  vera,  one  (T.H.  No.  9)  diagnosed  as  malignant 

pheochromocytoma ,  and  one  (H.S.  No.  14)  diagnosed  as  acute  dermatitis. 

The  radioactive  phosphorus  was  administered  intravenously  in  seventeen 

cases  and  orally  in  seven  cases.  The  mode  of  the  individual  administra 

tion  is  indicated  in  Tables  5  and  9.  The  intravenous  doses  ranged  from 

3.5  -  4.5  millicuries  and  the  oral  doses  ranged  from  0.5  -  6.0  me. 

The  specific  activity  of  the  P  varied  from  .72  -  2.85  mc/ml.  at 

time  of  dose.  It  was  contained  in  a  sterile  physiological  salt 

solution  in  the  form  of  sodium  acid  radio-phosphate  (Na9HP  o  )  to 

which  benzyl  alcohol  had  been  added  as  a  preservative.  The  isotope 

was  carrier  free.  It  was  obtained  from  Charles  E.  Frosst,  Ltd., 

under  Atomic  Energy  Commission  license  (see  also  Appendix  I).  In 
32 

all  cases  the  P  was  administered  to  the  patient  by  the  Radiotherapist 

Excretion  Studies 

All  patients  were  confined  to  their  room  or  ward  for  a 
minimum  period  of  5  days  following  treatment  and  they  were  instructed 
to  collect  their  total  urine  output  in  the  bottles  provided.  Large 
Kellner  sealer  jars  were  provided  for  each  8  hr.  period  covering  the 
first  2  days  and  after  this  initial  period  a  bottle  (and  a  spare), 
was  provided  for  each  successive  24  hr.  period. 
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Patients  were  held  responsible  for  their  own  urine  collection 

but  the  nursing  staff  assisted  with  the  collection  of  stool  which  was 

transferred  from  bedpans  to  cardboard  containers  lined  with  plastic 

bags.  None  of  the  specimens  were  al lowed  to  accumulate  on  the  nursing 

stations  but  were  removed  at  the  end  of  the  allotted  time  period,  or 

in  the  case  of  the  stool,  were  removed  each  morning  or  on  receiving 

a  cal  I  from  the  station.  Powdered  carrier  (2  -  5  g.)  in  the  form  of 

trisodium  phosphate  was  added  to  a  I  I  urine  bottles  to  prevent 
32 

adsorption  of  P  on  the  glass  walls.  Stool  specimens  were  kept 
frozen  until  the  time  of  preparation  for  counting.  Patients  with 
polycythemia  were  checked  as  carefully  as  possible  for  memory  lapses 
which  would  lead  to  loss  of  specimens  by  their  inadvertent  use  of 
hosp  i  ta I  to i I ets . 

Urine  and  stool  collection  was  continued  for  at  least 
5  days  and  where  possible  for  longer.  Although  23  patients  were 
studied,  only  14  cases  are  presented  in  Tables  4  and  5.  The  other 
excretion  studies  were  discarded  because  in  some  cases  it  was  obvious 
and  in  other  cases  highly  probable  that  all  the  urine  specimens  or 
stool  had  not  been  kept.  Where  any  reasonable  doubt  existed  the 
study  was  excluded  from  the  final  series. 

Preparation  of  Excretion  Specimens 

The  total  volume  of  urine  passed  in  each  time  period  was 

measured.  One,  two  or  five  ml.  were  withdrawn  and  diluted  to  100  ml. 

32 

with  water  after  careful  shaking  of  the  specimen.  The  P  content 
of  the  urine  was  greatest  in  the  first  24  hrs.,  and  it  was  usually 
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necessary  to  dilute  I  ml.  of  urine  to  100  ml.  in  order  to  avoid 

counting  losses  due  to  coincidence  of  incident  counts  in  the  ge i ger 

tube.  For  specimens  originating  24  hrs.  or  more  after  therapy,  a 

dilution  of  1:50  was  sufficient  because  of  the  decreased  content 

of  P” ~  in  the  urine.  Sodium  triphosphate  (I  g/lOO  ml.)  was  added 

32 

to  a  II  diluents  to  prevent  adsorption  of  P  on  the  walls.  These 
were  well  stoppered  to  prevent  evaporation  and  stored  until  time  of 
counting.  The  stool  specimens  were  defrosted  and  homogenized 
individually  in  a  large  sized  Waring  blender  with  sufficient  warm 
water  to  bring  the  total  volume  to  4,000  ml.  Ten  ml.  was  withdrawn 
by  dipping  a  small  container  into  the  blender  immed iate I y  after  i t 
was  turned  off  and  pouring  this  homogenate  quickly  into  the 
counting  tube. 


B I ood  Stud i es 

All  patients  had  complete  haemato log ica I  studies  including 

blood  volume  calculation  before  treatment  but  these  results  will  not 

be  ful ly  reported  at  this  time.  In  order  to  estimate  the  amount  of 

radioactive  phosphorus  circulating  in  the  patients'  blood  stream 

(and  hence  calculate  the  radiation  to  the  blood  from  a  therapeutic 
32 

dose  of  P  ),  heparinized  venous  blood  samples  were  obtained  so  that 

32 

the  pc /m I .  circulating  P  could  be  measured.  4  ml.  whole  blood  was 
removed  at  intervals  starting  10  minutes  after  treatment  and 
continuing  beyond  the  end  of  the  patients'  stay  in  hospital.  The 
number  of  blood  samples  removed  depended  very  much  on  the  ease  with 
which  they  could  be  obtained  from  the  individual  patient.  In 
general  about  eight  specimens  were  obtained  in  the  first  8  hours 
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and  three  per  day  for  the  next  4  days.  Whenever  possible,  blood  was 
also  sent  to  us  by  mail  over  the  next  3  weeks  (two  samples  each  week) 
by  the  patients'  local  physician.  This  was  arranged  successfully 
in  all  but  three  cases. 

Preparation  of  the  Blood  Specimens 

The  heparinized  blood  specimens  were  carefully  shaken  and 
I,  2  or  5  ml.  withdrawn.  This  was  diluted  to  100  ml.  with  I  g. 
sodium  triphosphate  added  to  prevent  adsorption.  Care  was  taken  to 
drain  and  wash  the  pipette  carefully  during  the  diluting  process 
because  of  the  high  viscosity  of  polycythemic  blood.  The  dilutions 
were  well  stoppered  and  stored  until  time  of  counting. 

All  specimens  were  disposed  of  in  accordance  with  the 

32 

recommendations  for  waste  disposal  of  P  (23). 

Preparation  of  Standards 

One  tenth  of  a  ml.  of  radioactive  phosphorus  was  removed 
from  the  shipment  by  means  of  a  sterile  microsyringe  and  added  to 

1,000  ml.  of  dilute  tri sodium  phosphate  (concentration  5  g/ I ,000  ml.). 

32 

The  initial  0.1  ml.  represented  200  -  300  pc  P  .  One  ml.  of  this 
solution  was  withdrawn  by  means  of  a  I  ml.  pipette  and  again  diluted 
in  100  ml.  solution  of  trisodium  phosphate  (concentration  as  before). 
The  second  dilution  then  contained  between  0.02  and  0.03  microcuries 
P  / 1 0  ml.  depending  on  the  concentration  in  mc/ml.  of  the  original 
shipment.  This  gave  a  count  of  the  order  of  4,000  cts/min/10  ml. 
of  standard  with  the  equipment  described  in  the  following  section. 
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Urine  and  blood  dilutions  were  counted  against  this  standard,  whereas 
a  separate  standard  was  prepared  for  the  stool  specimens.  This 
latter  was  made  up  by  adding  a  sma I  I  amount  of  the  standard  used 
for  counting  urine  and  blood  to  a  homogenate  of  non-radioactive 
stool.  This  was  done  in  order  to  adjust  for  the  loss  of  counts 
due  to  absorption  of  the  Beta  particles  by  the  stool  particles 
(see  counting  methods). 


Equ i pment 

A  liquid  G-M  tube  type  M-6,  capacity  10  ml.,  was  used  for 

sample  counting  in  conjunction  with  a  lead  well  and  an  Atomic  Multi- 

scaler.  This  sample  container  consisted  of  a  thin  walled  geiger 

tube  made  of  glass  drawn  to  a  thickness  just  sufficient  to  withstand 

atmospheric  pressure  when  the  counter  is  evacuated  or  has  a  low 

pressure  gas  filling.  The  wall  thickness  is  about  30  mg/cm. “  ( .004 

in.  glass)  and  surrounded  by  an  annulus  which  will  accommodate  a 

32 

volume  of  10  ml.  For  the  reasonably  high  |3  energy  of  P  this  counter 
can  be  used  to  measure  the  activity  of  homogeneous  fluid  samples  in 
the  annulus  of  concentrations  approximating  .025  p.c/10  ml.  The 
counting  efficiency  is  5  -  I0$for  P  with  a  background  from 
1 0  -  15  cts/m in.  As  long  as  the  annular  space  is  f  i  II ed  with 
liquid  above  the  level  of  the  thin-walled  section  of  the  tube,  the 
observed  counting  rate  is  substantially  independent  of  the  volume 
of  the  liquid  employed  and  is  directly  proportional  to  the  radioactive 
concentration.  It  is  necessary  to  employ  a  standard  of  the  same 
density  and  chemical  composition  as  the  sample. 
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A  lead  castle  (see  Figure  I)  was  designed  to  hold  the 

M-6  tube.  This  had  a  cylindrical  cross-section  of  I"  lead  and 

central  core  with  a  light-proof  lead  lid.  The  M-6  tube  was  inserted 

into  the  central  core  of  the  lead  castle  in  such  a  way  that  its 

terminals  made  contact  with  the  terminals  in  the  base  of  the  castle. 

(That  is  to  say,  the  central  anode  of  the  tube  rested  in  a  pyrex 

glass  container  f i I  I ed  with  mercury  to  which  high  voltage  was 

applied  by  means  of  a  tungsten  filament  running  through  the  glass 

container.  The  outer  cathode  wall  of  the  (3-counter  was  earthed  by 

means  of  contact  with  a  brass  core.)  These  two  terminals  were  in 

turn  connected  by  a  length  of  screened  coaxial  cable  to  the  Geiger 

input  of  an  Atomic  Multiscaler  which  convert  the  pulses  into  counts 

per  minute.  The  scale  was  set  at  a  I060v,  selector  50,  attenuator  4, 

throughout.  The  M-6  tube  could  be  removed  from  the  castle  for 

■)(* 

f i I  I  i ng,  empty ing  and  cleaning  without  switching  off  the  H-T  supply 
and  contact  was  automatically  remade  when  the  tube  was  reinserted. 

Methods  of  Counting 

After  a  preliminary  check  of  the  counting  apparatus,  with 
the  voltage  set  at  100  volts  above  the  threshold,  the  water  blank 
background  of  the  geiger  tube  was  obtained  (i.e.,  the  tube  was  filled 
with  tap  water).  This  background  over  several  hours  of  initial 
counting  was  found  to  be  less  than  I  count/sec.  The  specimens  were 
then  counted  against  the  prepared  standard  for  5  min.  each,  to 
insure  good  statistics  (standard  error  less  than  5$).  The  counts 
were  recorded  as  counts/5  min.  10  ml.  Care  was  taken  to  thoroughly 
"* 
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shake  all  specimens  and  standards  before  pouring  them  into  the 
annular  geiger  tube.  The  stool  homogenate  was  decanted  from  the 
Waring  Blender,  as  soon  as  the  blender  was  turned  off,  before  any 
particles  could  settle. 

The  standard  was  counted  before  the  first  specimen,  and  at 

the  end  of  each  sequence  of  specimens  if  the  time  involved  was  greater 

than  3  hours.  The  geiger  tube  itself  was  thoroughly  cleansed  between 

every  count  to  avoid  any  contamination  from  the  previous  specimen. 

(This  usual  ly  involved  one  careful  rinse  with  water  and  an  acid 

solution,  and  a  one  minute  check  on  the  counting  rate.)  In  general, 

the  dilution  of  the  specimens  previously  described  insured  a  reasonable 

counting  rate,  but  where  the  rate  was  more  than  140  counts/sec. 

(i.e.,  \%  loss  of  counts),  corrections  were  made  to  allow  for  these 

losses  which  were  due  to  coincidence  of  incoming  counts  in  the  geiger 

tube.  This  correction  was  made  from  a  coincidence  loss  curve  for  the 

* 

particular  type  of  G.M.  tube  being  used. 

Total  Body  Radiation  from  Radioactive  Phosphorus  (T.B.R.) 

The  phrase  "total  body  radiation"  properly  refers  to  a 
radiation  dose  homogeneous  throughout  the  body.  Since  it  is  highly 
unlikely  that  the  is  distributed  uniformly  (6,  8,  12,  13,  19,  22, 
24),  the  body  dose  is  not  homogeneous  and  hence  the  phrase  is  not 
strictly  applicable.  Nevertheless,  one  may  determine  the  total  dose 
received  by  the  body  per  unit  mass  and  the  result,  which  is  the 
average  value  over  the  body,  is  what  is  meant  by  total  body  radiation 
in  th is  paper . 
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We  make  the  following  simplifying  assumptions: 

32 

1.  The  P  not  excreted  or  decayed  is  uniformly  distributed 
throughout  the  body. 

2.  The  body  is  homogeneous  and  of  density  unity. 

32 

3.  The  beta  radiation  from  the  body  content  of  P  is  entirely 
absorbed  within  the  body. 

4.  A  smooth  curve  drawn  through  points  obtained  from  excreted 
activity  at  times  of  collection,  leads  to  a  measure  of  activity 
in  the  body  as  a  function  of  time. 


Let  M  =  body  mass  (kg) 

I  =  activity  of  body  content  (me) 

32 

E  =  average  beta-particle  energy  (0.7  mev  for  P  ) 
D_j_  =  body  dose  to  time  t  (rad) 

Rate  of  energy  absorption  per  unit  mass 


=  3 .7  x  lO^x  1.6  x 
=  2.  i  rad/hr. 
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In  order  to  evaluate  the  integral  it  was  necessary  to  draw 
a  curve  showing  the  value  of  I  as  a  function  of  time  (hours)  taking 
account  of  decay  and  both  urinary  and  fecal  excretion  (Figure  2). 

The  value  of  the  integral  is  then  the  area  under  the  curve  to  time  t. 

Rad  i at  ion  to  the  Blood 


In  calculating  the  radiation  to  the  blood  we  make  the 
following  simplifying  assumptions: 


1.  The  blood  is  homogeneous  and  of  density  unity. 

32 

2.  The  beta  radiation  from  the  P  blood  content  is  entirely 
absorbed  within  the  blood. 

3.  A  smooth  curve  drawn  through  points  obtained  from  whole  blood 
content^  at  various  times  after  administration  of  the  dose, 
leads  to  a  measure  of  activity  in  blood  as  a  function  of  time. 


32 

If  C  is  the  concentration  of  P  in  whole  blood 
(|iC/g.  or  p.C/ml.)  then;  as  in  the  previous  section; 

Dose  rate  =2.1  EC  rad/hr. 


D  =  2.  I  EC 


C  dt  (2) 


=  I  .47 


C  dt 


In  order  to  evaluate  the  integral  it  is  necessary  to  plot 
values  of  C  as  a  function  of  time  and  to  find  the  appropriate  area 
under  the  curve  (Figure  3). 


(  ) 

( 


.1 

I 


n  ]  i  '  n  1  wo  I 


<  s  ;,0;  '■ 


. 


.  ■ 


.  o  :  . 


, 


C  c  :  r  ) 


(  ) 


(  -  ■  •  ) 


-15- 


RESULTS 


Total  Body  Radiation 

In  order  to  calculate  the  total  body  radiation,  the 
32 

daily  excretion  of  P  for  each  person  studied  had  first  to  be 
found.  The  method  is  illustrated  for  one  particular  patient 
(Mr.  D.S.)  in  Tables  I  and  2.  These  values  were  then  used  to 
plot  the  total  body  content  with  time  (Figure  2,  Table  3). 

Table  4  gives  the  daily  excretion  for  the  complete  series  of  14 
patients.  Their  respective  total  body  contents  are  plotted  in 
Figure  4.  The  total  body  radiation  is  in  each  case  directly 
proportional  to  the  area  enclosed  by  these  individual  curves. 

For  the  first  6  days  the  integral  in  equation  (I)  was  determined 
from  the  experimental  curves  (first  part  of  Table  5)  but  from 
6  days  onwards  the  area  had  to  be  estimated. 


Usually  a  polycythemia  patient  is  hospitalized  for  only 
32 

6  days.  Neither  the  P  body  content  nor  excretion  has  reached 

zero  during  this  time.  A  survey  of  the  literature  revealed  no 

published  data  on  excretion  beyond  6  days,  although  Lawrence  (14) 

32 

postulated  in  his  summary  on  dosimetry  following  intravenous  P  , 

32 

that  from  the  third  day,  bone  and  soft  tissue  lose  P  through 
excretion  and  decay  at  the  rate  of  6.  \%  per  day  cor  respond i ng  to  an 
effective  half  life  of  II  days. 

In  order  to  try  to  resolve  this  problem  to  some  degree  we 

3' 

followed  a  series  of  4  orthopedic  patients  given  tracer  doses  of  P 


. 

•  :  i 

f 

C  .  ) 

( 

i'  , 

: ) 

' 

■ 

t 

1  •  *  ' 

• 

(  > 

( . 

: 

■ 

;  ■  . 


^  ) 


1 


• .  i 


; 


TABLE 


-16- 


o 

i — 

UJ 

oc 

o 

X 


LU 

01 

X 

+- 

Lu 

CL 

c 

O 

< 

3 

DC 

o 

2 

LU 

o 

O 

zn 

— 

h- 

CD 

1- 

4- 

< 

DC 

3 

Z 

LU 

C 

• — • 

h- 

— 

>c 

Lu 

E 

DC 

< 

LU 

O 

1— 

CO 

2 

LU 

> 

+- 

□ 

< 

Q 

•N 

LU 

CD 

DZ 

X 

CD 

h~ 

* — • 

L 

00 

o 

JZ 

DC 

— 

+- 

O 

h- 

Lu 

co 

• 

4- 

DC 

o 

O 

Q 

• — • 

LU 

Lu 

0) 

c o 

•N 

CD 

ZD 

LU 

• 

CD 

zc 

CO 

ro 

CO 

h- 

• 

i_ 

2 

o 

CD 

O 

DC 

> 

— • 

LU 

• 

(0 

H 

> 

<c 

O 

CD 

_1 

MX 

L 

ZD 

LU 

(0 

a 

Z 

_i 

■ — * 

c 

< 

DC 

2 

o 

Z 

O 

_c 

o 

LU 

01 

zn 

< 

h- 

0) 

H— 

Q 

z 

c 

DC 

— 

3 

O 

O 

o 

CM 

o 

LU 

NO 

DC 

Q_ 

— 

_J 

Lu 

< 

< 

O 

I — 

z 

LU 


oc 

LU 

CL 

X 

LU 


CD  TD 

II 

in 

CM 

CM 

rO 

VO 

co 

c 

X 

• — 

0  JZ 

0 

— 

sP 

CM 

cm’ 

— 

— 

CD 

' 

— 

4- 

0  (0 

o 

0  (1) 

o 

O 

TD 

Nw' 

C 

s. 

O  0 

ro 

— 

—  c 

T> 

ro 

VO 

00 

lp 

VO 

ltd 

ID 

4-  ‘ — 

• 

• 

4- 

0  L 

0 

— 

00 

CO 

ro 

LCD 

CM 

o 

L  ZD 

=i 

VO 

VO 

00 

cp 

VO 

CD 

— 

X  <4- 

c 

0  o 

• 

P-  o  o 

O 

c 

co  lp  vo 

zL 

0 

CM  o 

£ 

co 

m 

CP 

00 

CP 

00 

LTD 

VO 

o 

(0  •- 

CD 

vo 

OV 

00 

OP 

CO 

LO 

lp 

vo 

+- 

0 

vO 

o\ 

CO 

VO 

00 

CSV 

vo 

LO 

CL  DC 

O 

Q 

CM 

— 

O 

t— 

0 

•  cm 
o  o 

z  h- 

o 


LU 
CD 
< 

LU  LU  UJ  t— 
CD  U  1—  U 
ZD  LU  | —  O 
t—  CO  <  > 


(0 

!_ 

0) 

> 

(U 

L 

X) 

=5 

L 


o 

rO 

CP 

O 


m 

ov 


0 

-Q 

E 

0 

> 

o 


CP 

lp 

CP 


—  vO 


>- 

0 

—CM 
OrO 
CL  CL 


0 

0  !_ 
O  0 
•s  O  JO 
E 
0 
> 
o 


O  h- 
E  O 


—  CM 


'xh  1 - 


0  s= 
L  O 

JZ  — 
+- 
O  =J 
O  — 

px  ■- 

o  o 


CO 


lu  CD 

s  < 
<  — 
2  o 


o 

LU 

h- 

cm 

..  <  .. 

CD  1 —  Z 

Z  CO  UJ 

••  —  D> 

••  U_  l—  CD  — 

Q  O  21  Z  CD 

LU  >•  ZD  —  LU 
co  DZ1  co  o  1 —  CL 
ZD  LU  <  CD  Z  CO 
>  ZD 

LU  —  I —  Lu  OU¬ 
LU  CD  CD  O  CD  CD 

O  LU 

I —  LU  DC  UJ  LU  LU 

O  CO  CL  1 —  2  CL 

CO  O  O  <  — 

—  Q  O  Q 


£ 


T) 

-  0 

(0  +-  1 
—  Q>  >> 
4~  L  (0 


o 

C 

CM 

O' 

LO 

rO 

LO 

CP 

LTD 

— 

— 

• — 

00 

CP 

LPl 

LO 

CM 

L 

• 

• 

• 

• 

• 

0 

3 

rO 

— 

— 

O 

o 

o 

o 

o 

O 

zX 

• 

C 

E 

o 

o 

o 

O 

•  — 

Zf 

o 

vO 

o 

px 

o 

CM 

LP 

O  M- 

+- 

00 

px 

OD 

00 

CP 

— 

— 

co 

—  O 

3 

vO 

LO 

CM 

— 

o 

— 

— 

o 

o 

— 

O 

O 

O 

O 

o 

o 

o 

o 

o 

0 

•  — 

• 

• 

• 

• 

• 

• 

• 

0. 

TD 

o 

o 

O 

o 

o 

o 

o 

o 

o 

TD 

0 

+- 

0 

— 

'n}- 

lid 

CM 

LTD 

rO 

LP 

zf 

vO 

0 

4- 

LO 

vO 

VO 

o 

VO 

CM 

o 

O 

0 

c 

vO 

O 

CTN 

LO 

vO 

CM 

L_ 

=3 

*\ 

•s 

•N 

*N 

•N 

•N 

•M 

•N 

•N 

o 

rO 

o 

o 

co 

LCD 

CM 

KD 

ro 

CM 

— 

o 

0 

— 

CM 

— 

o 

TD 

1 

c 

JL 

=5 

CM 

O 

O' 

px 

O 

— 

CP 

O 

rO 

00 

0 

o 

— 

— 

o 

co 

vO 

P" 

VO 

LP 

px 

LP 

(0 

L. 

— 

— 

— 

CD 

CT 

* 

• 

• 

rO 

— 

CM 

CM 

VO 

CM 

LP 

px 

+-  C 

— 

px 

I-" 

ov 

CM 

— 

— 

px 

px 

VO 

c  — 

E 

px 

— 

o 

in 

in 

px 

LTD 

CM 

zf 

=5  E 

*\ 

«-\ 

•N 

•M 

*\ 

•N 

•N 

*N 

•N 

•M 

o 

O 

ro 

o 

— 

oo 

LCD 

CM 

KD 

ro 

CM 

— 

CD  CM 

— 

— 

CM 

— 

DM 

C 

Q. 

o 

ro 

•  — 

0 

O 

o 

o 

O 

O 

O 

O 

O 

O 

+- 

T3 

© 

LP 

in 

LO 

LTD 

lo 

LTD 

LP 

LP 

LP 

=5 

© 

JZ 

— 

E 

i— 

Q 

L. 

© 

4- 

—  c 

4— 

ro  0 

ro 

+-  E 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  — 

— 

c 

co 

CM 

CM 

co 

o 

o 

o 

4-  0 

E 

o 

px 

o 

vO 

O' 

CM 

px 

VO 

LP 

© 

V-' 

•  — 

•N 

•s 

•N 

•N 

M—  Cl 

4- 

— 

— 

— 

— 

— 

O  0 

CD 

0 

© 

— 

• 

03 

O 

— 

o 

CD 

E 

TD 

C 

o 

M— 

0 

0 

— 

o 

E 

=3 

v\ 

•  — 

— 

CD 

0 

CD 

(0 

ZL 

E 

0 

> 

•  — 

a 

LCD 

4- 

CO 

TD 

VO 

03 

03 

03 

03 

L_ 

Kt- 

1 

4— 

L_ 

L_ 

03 

03 

03 

03 

03 

(0 

o 

o 

=3 

=3 

3 

3 

> 

> 

>- 

Dx 

> 

TD 

• 

4— 

o 

o 

o 

o 

(0 

ID 

ro 

ro 

ro 

c 

o 

o 

0 

JZ 

JZ 

JZ 

JZ 

TD 

“O 

TD 

“O 

TD 

(0 

E 

4- 

11 

0) 

•  — 

CO 

vO 

CM 

o 

CM 

LO 

LP 

vO 

CO 

< 

1- 

— 

LO 

6  days  (extra  bottle)  960  1:50  2,250  61  2,189  0.00750  0.38  36.5 


'  I  I 


'  , 


1  i 


: 


— i 


— 

"  , 

_ 

-J 

r  ^ 

i 

.M 

_>! 

— 

'  > 

'S  ro 

-17- 


o 

1 — 

LU 

oc 

o 

X 

LU 

X 

0) 

Ll 

CL 

+- 

o 

< 

c 

DC 

zs 

2 

LU 

O 

O 

zn 

o 

— 

1 — 

1— 

CD 

< 

DC 

+- 

2 

LU 

13 

— 

H- 

SZ 

U_ 

•  — 

dc 

< 

E 

LU 

1— 

00 

O 

LU 

X 

3 

Q 

< 

+- 

Q 

LU 

•N 

2 

X 

CD 

H 

0 

CO 

« — 

L 

DC 

o 

JZ 

o 

h- 

— 

+- 

Ll_ 

00 

DC 

• 

M— 

CN 

Q 

— 

o 

o 

LU 

Ll. 

2 

LU 

CO 

01 

_) 

2 

LU 

•N 

0 

CD 

zn 

• 

CD 

< 

CO 

h- 

CO 

(0 

2 

• 

u 

O 

oc 

Q 

0 

— — 

LU 

> 

H 

> 

• 

(0 

< 

O 

_i 

© 

2> 

_J 

L 

O 

o 

CO 

_l 

o 

< 

h- 

c 

o 

oo 

3 

O 

o 

LU 

_c 

2 

zn 

0) 

< 

t- 

0 

Q 

2 

-t— 

oc 

— — 

c 

o 

Z5 

o 

CN 

O 

LU 

u 

dc 

CL 

U_ 

— 

< 

o 

< 

(- 

2 

* 

LU 

2 

DC 

LU 

CL 

X 

LU 

TD 

—  CD 
(O  +- 

—  CD  >■&«!. 


+- 

s_ 

(0  — 

•  — 

u 

TD 

VO 

Oi 

O 

c 

X 

II 

rG 

(N 

■M- 

* 

CD 

L- 

©  o 

o' 

o' 

o’ 

1 

o 

4- 

0 

CL  =1 

o 

© 

o 

o 

-o 

+- 

— 

c 

ro 

co 

VO 

o 

O 

(0 

© 

. 

• 

. 

• 

. 

+- 

CJ  +- 

r~ 

x|- 

— 

— 

LPl 

o 

=1  c 

— 

— 

— 

— 

H- 

O 

U 


E  O 

O 

o 

M- 

O 

O  4- 

HI 

r-~ 

cn 

CM 

Oi 

—  =3 

"vt 

ho 

CM 

O 

ro 

\  — 

O 

o 

O 

O 

O 

u  — 

• 

• 

• 

• 

• 

=1  X) 

o 

o 

o 

O 

o 

TD 

© 

o 

o 

o 

Cn 

o 

00 

-1-  © 

O 

co 

LPi 

co 

Cn 

LPl 

o  +- 

n 

HD 

m 

(N 

VO 

HD 

©  C 

*\ 

•N 

*\ 

L-  Z5 

ro 

CM 

o 

co 

— 

V-  O 
O  O 

o 

cn 

LTi 

cn 


s_ 

CD 

JD 


round 

min. 

r- 

CM 

Csl 

O) 

o 

OA 

VO 

co 

O 

— 

Z  (N 

. . 

:o 

CO 

ro 

E 

c_ 

© 

© 

> 

* 

> 

O 

z 

— 

c 

(0 

o 

. — 

— 

vO 

CM 

O 

!_ 

VO 

o 

E 

— 

o 

r- 

— 

cn 

H- 

-O 

Cft 

+- 

E 

HO 

xL 

ZS 

•N 

O 

© 

CM 

*\ 

•N 

•N 

«s 

L 

• 

Cn 

O 

Os! 

o 

co 

— 

> 

— 

»+- 

© 

— 

— 

— 

— 

— 

(0 

•  © 

o 

+- 

•  — 

-  © 

s_ 

O 

E 

o 

© 

© 

© 

^  TD 

JD 

• 

+- 

JZ 

• 

E 

(/} 

co 

© 

CO 

+- 

U  '+- 

© 

c 

— 

H- 

>- 

E  O 

> 

_c 

© 

©  o 

co 

O 

o 

o 

o 

O 

o 

o 

O 

cn 

E  O 

c 

o 

o 

o 

o 

O 

> 

O  © 

z 

O 

O 

=5  4- 

© 

o 

o 

o 

o 

o 

• 

—  CM 

O  E 

O 

E 

—  © 

a 

•\ 

•N 

•s 

•N 

•N 

s_ 

OHO 

.  . — 

HO 

O 

O 

o 

2 

CL  CL 

•M-  1— 

— 

zr. 

>  M- 

E 

o 

O 

O 
LU 
1 — 

cm 


.. 

< 

.. 

CD 

1 — 

Z 

z 

CO 

LU 

•  • 

■ — ■ 

2 

•  • 

Ll_ 

h- 

CD 

•— 

o 

o 

z 

z 

o 

LU 

•  • 

ZD 

— - 

LU 

•  • 

CO 

Z 

CO 

o 

H- 

CL 

CO 

ZD 

LU 

< 

o 

z 

CO 

— 

> 

ZD 

CO 

LU 

- — ■ 

H- 

Ll 

o 

Lu 

o 

CL 

o 

o 

o 

o 

O 

•  • 

z 

O 

LU 

LU 

CD 

h~  LU 

cm 

LU 

LU 

LU 

2 

< 

O 

CO 

cm 

I- 

2 

CL 

< 

— 

CO 

O 

o 

< 

•— 

> 

z 

o 

— 

O 

o 

o 

1- 

CD 

c/1 


O 

O  E  XI 

O 

-HO  '+- 


CO 

o 

© 

L_ 

o 

© 

E 

O 

E 

•— 

4— 

• — 

H 

LPl 

+- 

TD 

VO 

CT 

L_ 

■M- 

l 

C 

tO 

O 

• — 

© 

© 

© 

© 

TD 

-+- 

— 

> 

> 

> 

> 

> 

C 

O 

O 

a. 

(0 

co 

(0 

(D 

ro 

to 

E 

O 

O 

O 

o 

o 

H- 

II 

© 

(U 

co 

< 

CO 

— 

CM 

HO 

M" 

vo 

TOTAL  60.6  1.52 


n 


-  i 


—  i  " 

-  ,  5  - 

\  • _ r  1  , 

■  1  ’  ~ i  —  '  1  I 

■  r  -i  n ) 

1 1  :  :  •  • 
,  . ,  , ,  .  • 


-18- 


(N 


D_ 

> 

Q_ 

Ll_ 

<t 

o 

CC 

LU 

I— 

Z 

z 

1— 

UJ 

h- 

CC 

z 

LU 

o 

o 

\~ 

— 

o 

Ll. 

< 

• 

> 

o 

r0l 

Q 

CO 

:z: 

o 

X 

LU 

CQ 

< 

«\ 

_J 

Q 

CD 

CO 

< 

< 

X 

• 

1- 

t— 

— 

O 

O 

CO 

H 

1- 

Ll_ 

co 

O 

CC 

z 

Ll. 

o 

— 

LU 

h- 

Z 

< 

1 — 

z> 

CC 

o 

o 

Ll_ 

c 

o 


I 


4- 

4— 

c 

CD 

o 

— 

>•  !_  — 

CD 

CM 

— 

CM 

r~ 

co 

TJ  CD  +- 

r- 

in 

CM 

— 

m 

LO 

4- 

0  4-00 

m 

o 

CO 

CD 

4 

CM 

c 

3  M-  L  E 

• 

• 

• 

3 

(0  U  ' — 

rO 

m 

CM 

CM 

CM 

CM 

o 

C  x 

E 

—  CD 

< 

>- 

-O 

O  c 

4— 

31  O 

o 

CD  — 

c  0  -t—  «-> 

4 

co 

00 

O'! 

00 

CM 

CD 

—  O  CD  O 

hO 

— 

O 

00 

CO 

CM 

3 

4-  1-  E 

CD 

CM 

DC 

CO 

4 

CO 

— 

4-  CD  0 

• 

• 

• 

• 

ID 

C  -Q  x 

hO 

n 

CM 

CM 

CM 

CM 

> 

3  CD 

O 

E 

ID 

TD 

—  CD 

ID  ©  4—  «—• 
3  3  CD  0 

o 

■4 

CO 

CO 

in 

4 - 0  3 

• 

• 

• 

• 

• 

0  ID  0 

cO 

CD 

CD 

— 

CD 

<  >  X 

in 

CD 

CO 

r-~ 

m 

CD 

CD 

*4 

0 

r- 

cD 

CD 

r-~ 

r- 

CD 

>  o 

CM 

l-~ 

4 

ro 

4 

(D  4- 

m 

O 

CD 

(N 

co 

4 

0  0 

esc 

CSC 

00 

CO 

r-~ 

r-~ 

0  ID 
Q  4- 

O 

O 

O 

o 

o 

o 

0 

0 

4- 

0 

0 

0 

0 

0 

4-  © 

> 

> 

> 

>~ 

> 

>- 

ID  0 

ID 

ID 

ID 

ID 

ID 

ID 

O 

TD 

TD 

T3 

TD 

TD 

TD 

0  TD 
E 

— 

CM 

CO 

4 

in 

CD 

i- 

0 

d  i  + 

+- 

0 

C 

4-  —  © 

ID 

4 

■4 

LO 

CD 

4 

3 

©  >  O  c 

• 

• 

• 

O 

0  —  O  — 

CD 

m 

O 

4 

m 

00 

E 

0  —  4-  0 

co 

O 

Oc 

CD 

00 

< 

X  ID  0  3 

0  TD  ' — 

4 

—  4- 

(D  C 

4 

—  >  0 

CM 

4-  -O  4- 

O 

—  O  c 

• 

C  -O  O 

4 

CO 

0 

0 

s 

4- 

c 

0 

4- 

(D 

CL 

-19- 


CO 

UJ 

CO 

<c 

< 

o 

X 

— 

V) 

Q_ 

CD 

— 

CO 

C/1 

O 

(D 

z 

X 

O 

< 

U 

CM 

i — 

— 

X 

KJ 

CL 

E 

CL 

UJ 

CD 

LU 

CD 

_C 

>* 

_) 

U_ 

_l 

+- 

Q_ 

CD 

O 

< 

X 

(U 

< 

o 

L_ 

1- 

X 

u_ 

X 

0 

O 

O 

— 

_d 

— 

o 

h- 

X 

X 

Q_ 

LU 

X 

1 

— 

cc 

— 

C 

(U 

o 

CO 

O 

L_ 

X 

DC 

X 

o 

UJ 

UJ 

> 

* 

5k 

X 

— 

_J 

X 

“ 

X 

< 

' — ’ 

Q 

Tota I  To+a I 

Case  Days  to  End  to  End 


No. 

Pat i ent 

Sex 

Stud i ed 

Dai  1 

y  Excretion 

as  %  of 

Initial  Dose 

of  3  Days 

of  5  Days 

Day 

2 

3 

4 

5 

6 

7 

8 

1 

** 

H.C. 

F 

6 

Ur  i  ne 

4.0 

1  .5 

0.9 

0.5 

0.6 

1  .8 

6.4 

7.5 

Stoo  1 

- 

1  .4 

0.2 

0.4 

0.7 

0.6 

i  .6 

2.7 

Tota  1 

4.0 

2.9 

1  .  1 

0.9 

1  .3 

2.4 

8.0 

10.2 

2 

L.M. 

M 

6 

1  1  .5 

4.0 

3.0 

2.0 

2.0 

I  .0 

18.5 

22.5 

0.8 

0.5 

0.5 

0.5 

0.3 

- 

1  .8 

2.6 

12.3 

4.5 

3.5 

2.5 

2.3 

I  .0 

20.3 

25.  1 

3 

L.R. 

M 

6 

5.4 

2.7 

1  .5 

2.0 

1  .8 

1.5 

9.6 

13.4 

0.9 

1  .0 

1  .0 

1  .0 

1  .0 

0.6 

2.9 

4.9 

6.3 

3.7 

2.5 

3.0 

2.8 

2.  1 

12.5 

18.3 

4 

W.M. 

M 

5 

8 .  1 

5.9 

2.4 

2.5 

1  .7 

16.4 

20.6 

0.3 

0.3 

0.3 

0.3 

0.3 

0.9 

1  .5 

8.4 

6.2 

2.7 

2.8 

2.0 

17.3 

22.  1 

5 

J.L. 

M 

5 

9.6 

2.9 

3.6 

2.6 

2.2 

16.  1 

20.9 

0.3 

0.3 

0.3 

0.3 

0.8 

0.9 

2.0 

9.9 

3.2 

3.9 

2.9 

3.0 

17.0 

22.9 

6 

T.M. 

M 

5 

10.0 

4.1 

2.5 

2.5 

2.2 

16.6 

21.3 

- 

- 

1  .3 

- 

1  .3 

1  .3 

2.6 

10.0 

4.  1 

3.8 

2.5 

3.5 

17.9 

23.9 

7 

W.C. 

M 

5 

7.6 

4.0 

3.0 

2.0 

1  .0 

14.6 

17.6 

- 

0.8 

0.5 

0.3 

- 

1  .3 

1  .6 

7.6 

4.8 

3.5 

2.3 

1  .0 

15.9 

19.2 

8 

T.K. 

F 

5 

9.4 

3.3 

2H 

1.5 

1  .0 

14.8 

17.3 

- 

0.5 

0.7 

0.7 

0.7 

1  .2 

2.6 

9.4 

3.8 

2.8 

2.2 

1.7 

16.0 

19.9 

9 

* 

T.H. 

M 

8 

10.7 

3.2 

2.6 

1  .7 

1  .3 

0.8 

0.8 

1  .0 

16.5 

19.5 

- 

0.3 

0.7 

1  .0 

0.8 

1  .0 

2.8 

10.7 

3.5 

3.3 

2.7 

2.  1 

17.5 

22.3 

.  10 

D.S. 

M 

6 

1.5 

4.2 

2.2 

2.3 

1 .6 

1  .8 

17.9 

21  .8 

0.5 

0.4 

0.3 

- 

- 

0.4 

1  .2 

1  .2 

12.0 

4.6 

2.5 

2.3 

1.6 

2.2 

19.  1 

23.0 

II'. 

C.H. 

F 

5 

12.0 

4.0 

2.7 

1  .8 

'1 . 5 

18.7 

22.0 

- 

0.5 

1  .0 

0.5 

- 

1  .5 

2.0 

12.0 

4.5 

3.7 

2.3 

1 .5 

20.2 

24.0 

F .  Me . 

F 

6 

12.0 

2.6 

2.4 

2.  1 

1  .8 

17.0 

20.9 

0.6 

0.6 

1  .0 

0.8 

0.5 

0.5 

2.2 

3.5 

12.6 

3.2 

3.4 

2.9 

2.3 

1  .8 

19.2 

24.4 

13 

** 

E.L. 

F 

8 

10.0 

2.6 

2.0 

1  .5 

I  .4 

1  .0 

0.9 

0.8 

14.6 

17.5 

- 

- 

0.  1 

0.2 

0.2 

0.2 

0.  1 

0.  ! 

0.  ! 

0.5 

10.0 

2.6 

2.  1 

i  .7 

1 .6 

1  .2 

!  .0 

0.9 

14.7 

18.0 

,  14 

*  ** 
H.S.  ' 

M 

22 

6.5 

0,9 

0.9 

0.7 

0.6 

0.5 

0.7 

0.9 

8.3 

9.6 

1  .6 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

2.2 

2.8 
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Assuming  No  Further  Excretion 

After  6  Days 

Assuming 

After 

\%  Excretion 
6  Davs 

Case 
No . 

Patient 

Mass 

(Kq) 

Dose 

(me) 

Oral  or  I.V. 

Area  Under 
Curve  to  End 
of  6  Days 
(me  hrs.) 

T.B.R.  in 

F i rst  6 

Da^ixlrad) 

Area  Under 
Extrapolated  Curve 
(6  Days  -  co) 

(me  hrs) 

T.B.R. 

(6  Days  -  oo) 

Cud? 

B 

T.B.R. 

A  +  B 
(rad) 

Area  Under 

Extrapolated  Curve  T.B.R. 

(6  Days  -  oo)  (rad) 

(me  hrs)  C*** 

T.B.R. 

A  +  C 

rad/mc. 
(A  +  B) 

rad/mc. 
(A  +  C) 

I 

H.C. 

61  .00 

** 

6.07 

676.80 

16.31 

1813.75 

43.71 

60.02 

1410.42 

33.99 

50.30 

9.89 

8.24 

2 

L.M. 

70.00 

5.00 

528.36 

11.10 

1413.44 

29.68 

40.78 

1099. 13 

23.08 

34.  18 

8.  15 

6.84 

3 

UR. 

78.60 

4.50 

499.05 

8.40 

1324.48 

24.56 

32.96 

1029.95 

19.26 

27.66 

7.32 

6.15 

4 

W.M. 

71.80 

4.50 

487.15 

9.97 

1309.65 

26.81 

36.78 

1018.42 

20.85 

30.82 

8.  17 

6.85 

5 

J.L. 

58.00 

4.50 

478.01 

12.11 

[275.06 

32.32 

44.43 

991.52 

25.13 

37.24 

9.87 

8.28 

6 

T.M. 

70.50 

4,52 

471.90 

9.84 

1245.41 

25.97 

35.81 

968.46 

20.  19 

30.03 

7.92 

6.64 

7 

w.c. 

80.40 

4.00 

428.64 

7.84 

1161.39 

21.23 

29.07 

903.13 

16.15 

24.35 

7.27 

6.09 

8 

T.K. 

61  .36 

3.97 

423 . 95 

10.16 

1 146.57 

27.47 

37.63 

891.60 

.2] .36 

31.52 

9.48 

7.94 

9 

* 

T.H. 

56.40 

4.00 

423.36 

1  1  .03 

1 136.68 

29.63 

40.66 

883.9] 

23.04 

34.07 

10.  17 

8.52 

10 

D.S. 

88.60 

4.00 

416.76 

6.91 

1116.91 

18.53 

25.44 

868.54 

14.4! 

21 .32 

6.36 

5.33 

11 

C.H. 

57.30 

4.00 

408.70 

10.67 

1 102.09 

28.27 

38.94 

857.01 

21.99 

32.66 

9.73 

8.16 

12 

F.Mc. 

77.30 

3.50 

362.94 

6.90 

948.88 

18.04 

24.94 

745.56 

14.  18 

21 .08 

7.  13 

6.02 

13 

E.L. 

66.36 

** 

2.97 

321 .42 

7.12 

884.64 

19.60 

26.72 

687.91 

15.24 

22.36 

9.00 

7.53 

14 

* 

H.S. 

55.50 

** 

0.48 

53.57 

1  .43 

150.83 

3.99 

5.42 

117.28 

3.  1  1 

4.54 

1  1 .41 

9.56 
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(the  results  will  be  published  separately),  and  2  patients  with 

polycythemia  rubra  vera,  for  periods  ranging  from  8-24  days. 

From  these  results  it  appears  that  after  6  days  a  figure  of  \% 

per  day  total  excretion  would  not  be  exceeded  but  in  most  cases 

the  excretion  becomes  much  less  than  \% .  The  minimum  possible 

would,  of  course,  be  zero  excretion.  The  effective  half  lives 

(from  6  days  on)  corresponding  to  these  two  extremes  can  be 

-& 

ca leu  I  a ted  as  I  I .  I  and  14.3  days  respectively  .  We  may  then 
determine  analytically  the  contribution  to  the  integral,  beyond 
the  6-day  period,  correspond i ng  to  each  of  these  extremes.  This 
gives  at  least  a  workable  upper  and  lower  range  for  the  total  body 
radiation  between  which  it  seems  likely  that  the  true  individual 
values  lie. 


If  1^  is  the  body  content  on  the  sixth  day  (in  me,  which 
can  be  read  off  the  graph,  Figure  4),  we  can  write 


X 


where  \  is  the  relevant  decay  constant  and  the  origin  of  time  for 
this  contribution  is  day  6. 


* 


Effective  Biological  Radioactive 

half-life  half-life  half-life 

.'.  when  we  assume  no  further  excretion  after  day  6,  the 
effective  half  life  =  14.3  days  (viz.,  the  radioactive  half  life 
of  P"'^) .  Similarly,  when  we  assume  a  constant  daily  excretion  of 

\%  of  initial  dose  dai  I  y,  _ I _  =  _ l_  thence  it  can 

Biological  half-life  50 

be  shown  that  the  effective  half  life  =  II. I  days  (i.e.,  fortuitously 
the  same  estimate  as  that  of  Lawrence  (14)). 
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In  the  first  case  of  zero  excretion  from  day  6: 

X  =  0.695 

14.3  x  24 

In  the  second  case  of  \%  excretion  from  day  6: 

X  =  0.693 

I ! . I  x  24 


Hence  the  area  under  the  body  content  curve  can  be 

ca  I  cu  I  a  ted  by  substituting  _|_6  in  equation  (I)  as  follows: 

X 

D  =  I  .47  _j_6  rad 
M  X 


Resu I ts  for  Mr .  D . S . 

Dose  =  4  me, 

\ r  =  2 . 26  me . 

6 

M  =  88.60  kg. 

Area  under  experimental  curve  to  end  of  6  days  =  416.76  me.  hrs. 

. ' .  dose  to  end  of  day  6  =  1.47  x  416.76  rad 

88 . 60 

=  6.91  rad 

(a)  Assuming  no  further  excretion 

Dose  from  6  days  to  total  decay  (  °o)  =  |  .47  x  2 . 26  x  14.3  x  24  rad 

88.60  0.693 

=  I ,47  x  1116.91  rad 

88.60 


18.53  rad 


■  .  '  /  «  i 


(  ) 


(  ) 


(  ) 
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(b)  Assuming  \%  excretion  from  day  6 

Dose  from  day  6  to  total  decay  (°°  )  =  I  .47  x  2. 26  x  I  I  .  I  x  24 

88.60  0.693 

=  I  .47  x  868.54  rad 
88.60 

=  14.41  rad 

the  T.B.R.  from  time  of  dose  to  complete  decay  lies  between 
21.32  and  25.44  rad  or  5.33  and  6.36  rad/mc.  administered. 

This  was  repeated  for  the  series  of  14  patients  and  the  results 
are  g i ven  in  Table  5 . 

Radiation  to  the  Blood 

32 

The  amount  of  P  present  in  whole  blood  was  calculated 

from  individual  specimens  in  16  patients.  The  calculations  are 

shown  for  Mr.  D.S.  in  Tables  6  and  7.  The  blood  content  curve  was 

plotted  directly  from  these  results  (Figure  3).  The  radiation  to 

the  blood  is  directly  related  to  the  area  (in  pc  hrs.)  under  this 

curve  (equation  (2)).  In  all  cases  the  curve  was  extrapolated  to 

zero  by  means  of  estimating  the  effective  half  life  of  the  activity 

-K* 

in  the  blood  from  the  semi-log  plot  . 

32 

In  some  cases  the  plasma  level  of  P  was  followed 

32 

(Table  8)  and  it  was  found  that  the  P  was  rapidly  removed  in  the 
first  24  hrs.  (Figure  5). 

Figures  5  and  6  show  in  semi-log  plot  the  variation  with  time  of 
P^2  in  blood  after  oral  and  intravenous  administration.  In  the 
latter  case  the  plasma  level  was  also  followed. 
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Rosults  from  Mi'.  D.S. 


Area  under  curve 
. total  dose  to  blood 

i . e. 


12.84  pc  hrs/ml  . 

I .47  x  12.84  rad 
18.87  rad 

4.72  rad/mc.  administered 


The  results  for  the  series  of  16  patients  are  shown 
in  Table  9  together  with  some  hematological  data. 
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DISCUSSION 


Ur  i  ne 

32 

The  average  urinary  excretion  of  P  as  a  percentage 

-fa 

of  the  initial  dose  to  the  end  of  3  days  for  our  complete  series 
was  14.7#  with  limits  of  6.4  and  18.7#.  The  corresponding  5  day 
average  amounted  to  18.0#  with  limits  of  7.5#  and  22.5#. 

As  previously  pointed  out,  our  series  consisted  of  12 
polycythemic  and  two  non-po I ycythem ic  patients.  In  the  po I ycythem ias 
the  average  for  3  day  urinary  excretion  was  15.1#.  The  5  day  average 
was  18.6#  with  limits  in  both  cases  unchanged.  In  the  non-po I ycythemias 
the  average  3  day  excretion  was  12.4#.  The  5  day  figure  was  14.6#. 

The  difference  between  these  two  classes  of  cases  cannot  be  shown 
to  be  significant  in  view  of  the  small  series.  The  range  of  the 
entire  series  (which  included  the  small  percentage  of  fecal  excretion 
which  will  be  discussed  later)  is  depicted  (in  terms  of  remaining 
body  content)  in  Figure  7. 

It  is  interesting  to  note  (Table  4)  that  the  maximum 
32 

excretion  of  P  always  occurs  within  the  first  24  hrs.  There  is 
a  positive  correlation  between  the  5  day  total  and  the  first  day 
percentage  (e.g.,  an  average  value  for  the  first  24  hrs.  indicates 
an  average  retention  of  the  therapy). 

Although  Hevesy,  Erf  and  Lawrence  are  the  only  authors 

32 

reporting  excretion  of  both  fecal  and  urinary  P  (their  excretion 
values  are  shown  in  Figures  8  and  9,  Appendix  2),  one  excellent 
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report  of  Szur,  Lewis  and  Goo  I  den ,  1958  (28)  gives  a  mean  value  and 
range  for  48  hr.  urinary  excretion  in  153  polycythemic  cases  treated 
intravenously  with  carrier  free  radiophosphorus.  These  results  are 
reported  in  Table  10  (Appendix  2)  and  depicted  d iagrammat ica I  I y  in 
Figure  10.  Bearing  in  mind  that  our  series  (Figure  7)  is  inclusive 
of  a  small  amount  of  fecal  excretion,  our  range  for  urinary  excretion 
lies  within  the  mean  given  by  Szur  et  a  I . 

The  series  of  Erf  and  Lawrence  (7)  included  three 

polycythemia  (one  treated  intravenously  and  two  orally),  and  four 

normals  (two  given  phosphorous  intravenously  and  two  orally). 

32 

However,  the  P  was  not  carrier  free,  additional  carrier  in  varying 

amounts  was  added  and  administration  was  under  unspecified  non-fasting 

32 

conditions.  Their  3  day  average  urinary  excretion  of  P  as  a 
per  cent  of  the  initial  dose  in  polycythemia  cases  was  5.32$  (this 
is  lower  than  our  value,  but  well  within  the  values  noted  by  Szur 
erf  aj_. )  and  the  corresponding  figure  for  the  four  normals  was  22.71$. 
This  latter  is  higher  than  our  figure  (12.4$)  but  we  feel  that  the 
results  indicate  that  highest  excretion  in  urine  could  be  correlated 
with  the  highest  relative  addition  of  carrier  despite  the  conclusion 
of  Erf  and  Lawrence  (7)  that  "patients  with  polycythemia  excreted 
less  than  normal  individuals  in  both  urine  and  feces,  regardless  of 
the  route  of  administration." 

Hevesy  (see  Table  10)  reported  a  series  of  14  normal  cases 
32 

given  intravenous  P  with  added  carrier  and  he  obtained  a  mean  value 
of  13$  for  the  24  hr.  urinary  excretion.  Comparing  Figure  8  with 
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Figure  10  and  again  with  Figure  9,  we  see  that  the  mean  excretion 
is  greater  in  the  Hevesy  series  than  in  our  or  Szur's  series  but 
less  than  that  of  the  normals  of  Erf  and  Lawrence.  In  other 
words,  it  would  appear  that  a  correlation  may  exist  between  the 
amount  of  urine  excreted  and  the  amount  of  the  carrier  added  to 
the  dose. 

Stop  I 

The  average  stool  excretion  in  our  series  as  a  percentage 
of  the  initial  dose  to  the  end  of  3  days  was  1.4#  with  limits  of 
0.1  and  2.9#.  The  5  day  average  was  2.4#  with  limits  0.5  and  4.9#. 
The  3  day  average  for  the  II  intravenous  cases  was  1.5#  and  the 
average  for  the  3  oral  cases  was  1.3#.  The  oral  administration  in 
the  latter  cases  was  carried  out  under  strict  fasting  conditions 
similar  to  those  specified  by  Wiseman  (33):  viz.,  no  food  for 
6  hours  before  or  3  hours  after  and  a  minimal  amount  of  fluid. 

Hevesy  only  reports  two  cases  where  the  fecal  excretion 
was  followed,  one  of  these  was  intravenous  with  a  sma I  I  amount 
of  carrier  and  the  3  day  value  was  2.21#  which  is  close  to  the 
result  for  our  series.  The  other  case  was  oral  and  the  dose  was 
mixed  with  the  same  amount  of  carrier  but  added  to  the  patient's 
food.  This  gave  a  3  day  value  of  12.6#. 

Erf  and  Lawrence  reported  a  3  day  average  of  14.62# 
for  4  oral  cases  and  a  3  day  value  of  0.55#  for  3  intravenous 
cases.  Our  results  (1.3#)  are  so  much  lower  than  those  of  Hevesy 
or  Erf  and  Lawrence  for  oral  administration  that  we  investigated 
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the  effect  of  allowing  liquid  intake  before  carrier  free  oral  therapy 
and  a  normal  meal  one  hour  after  therapy.  In  this  case  we  found 
that  the  3  day  fecal  excretion  reached  25$.  It  is  hard  to  say  what 
effect  additional  carrier  would  have  had  on  this  figure,  but  in  all 
probability  it  would  have  increased  it.  At  any  event,  it  is 
important  to  observe  the  fasting  condition  in  order  to  cut  down 
the  fecal  excretion. 

Total  Body  Radiation 

These  values  are  directly  proportional  to  the  area  under 
the  total  body  content  curve  (Figure  4)  and  inversely  proportional 
to  the  patient's  mass.  In  our  series  of  14  cases  (Table  5)  the 
total  body  radiation  over  the  first  6  days  ranged  from  6.9  -  16.3 
rad.  The  radiation  figures  from  time  of  initial  dose  to  complete 
decay  varied  from  a  lower  limit  which  lay  between  21.32  and  25.44 
rad  and  an  upper  limit  of  from  50.30  to  60.02  rad.  These  values 
lie  below  the  level  required  to  produce  radiation  sickness  and  no 
such  instance  was  observed. 

In  terms  of  rad/mc.  administered  this  gave  a  variation 
between  a  lower  range  of  5.33  -  6.36  rad/mc.  and  8.24  -  9.89  rad/mc. 
from  time  of  initial  dose  to  complete  decay. 

Since  the  total  body  radiation  is  directly  proportional 
to  the  area  under  the'  total  body  content  curve,  it  is  evident  that 
the  cases  of  Hevesy,  and  Erf  and  Lawrence  would  receive  less  total 
body  radiation  than  did  the  cases  in  our  series,  but  that  the  mean 
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value  for  the  series  of  153  cases  of  Szur  et  a  I .  would  be  very 

close  to  that  for  our  series.  That  is  to  say,  for  either  carrier 

free  intravenous  therapy  or  for  carrier  free,  fasting,  oral 

therapy,  the  total  body  radiation  to  the  patient  will  probably 

be  very  close  to  those  figures  for  our  series  quoted  above. 

32 

Assuming  that  about  the  same  amount  of  P  is  present  in  the 
gonadal  tissue  as  in  the  average  tissue  at  any  time,  then  the 

genetic  dose  will  lie  in  this  same  range,  that  is  to  say,  in 

what  is  generally  considered  to  be  the  range  of  the  estimated 
doubling  mutation  rate  in  men  (30  -  80  r). 

Blood 


The  radiation  to  the  blood  was  calculated  for  16  cases 
and  the  individual  values  were  found  to  lie  between  1.93  rad/mc. 
and  8.78  rad/mc.  (Table  9).  This  is  quite  a  wide  range  of 
variation.  No  correlation  was  found  to  exist  between  total  red 
cell  volume  and  rad/mc.  administered. 

The  total  radiation  to  the  blood  in  the  polycythemic 

patients  varied  from  12.17  to  39.51  rad  (Table  9).  These  figures 

are  lower  than  those  for  total  body  radiation.  No  immediate 

suppression  of  the  red  cel  I  count  was  noted  in  our  series.  The 
32 

effect  of  the  P  is  not  seen  for  60  -  100  days  after  therapy. 

Since  the  average  I ife  span  of  a  red  cel  I  is  from  about  100  -  120 

32 

days  it  would  appear  that  P  halts  cel  I  division  in  the  bone 
marrow  and  that  the  bone  marrow  is  sensitive  to  relatively  low 
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CONCI  US  IONS 


Under  fasting  conditions  (both  before  and  after  the  administration 
32 

of  the  P  )  with  little  or  no  added  carrier,  the  fecal  excretion 

of  P“ “will  be  sma II.  This  will  mean  that  the  tota I  excret ion 

of  P- “  after  oral  administration  will  not  differ  significantly 

32 

from  the  total  excretion  of  P  after  intravenous  administration 

3^ 

of  P  . 


Under  the  fasting  conditions  of  administration  it  should  not 
be  necessary  to  increase  the  oral  dosage  by  4/3  in  order  to 
attain  the  same  clinical  effect  from  the  therapy. 

2.  Under  uncontrolled  conditions  of  oral  administration,  fecal 
excretion  value  can  be  expected  to  be  as  high  or  higher  than 
those  quoted  by  Erf  and  Lawrence. 


3.  To  separate  the  carrier  effect  and  before  one  can  conclude  that 
polycythemic  patients  have  a  higher  phosphorus  requirement  than 
normal  people,  more  normals  should  be  studied. 

32 

4.  The  P  content  of  the  urine  in  the  first  24  hrs.  after  therapy 
is  a  good  indication  as  to  whether  or  not  a  particular  patient 
will  retain  the  dose  within  normal  I imits. 


5.  Total  body  radiation  values  calculated  according  to  the  assumptions 
set  out  in  this  paper  are  not  large  enough  to  bring  about  radiation 
sickness  in  the  average  patient.  If  the  genetic  dose  is  considered 
as  equal  to  the  total  body  radiation,  the  figures  lie  in  the 
mutation  doubling  range  for  man  (30  -  80  r). 
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6.  Radiation  to  the  blood  from  therapeutic  doses  of  P  is  small. 

32 

The  effect  of  P  must  in  some  way  be  due  to  the  suppression 
of  the  mitotic  activity  of  the  precursor  red  cel  Is  in  the 
bone  marrow. 
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APPEND I X  I 


Radioactive  phosphorus  is  prepared  from  the  irradiation 

32 

of  pure  sulphur  with  thermal  neutrons  in  a  nuclear  reactor.  P 
32 

is  formed  from  S  with  the  absorption  of  a  neutron  and  with  the 

32  32 

emission  of  a  proton.  P  disintegrates  back  to  S  with  the 
emission  of  a  beta  particle  having  a  peak  energy  of  1.7  Mev.  No 
gamma  rays  are  emitted.  The  maximum  penetration  of  beta  particles 
in  tissue  is  about  8  mm.,  the  average  penetration  is  about  2  mm. 
The  half  life  of  P^“  is  14.3  days. 


Disintegration  scheme  of  radioactive  phosphorous 


(14.3  days)  P52 

15 


16 


1.7  Mev 
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Table  10  (continued) 
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Da  i 
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as  #  of 

Initial  Dose 

Tota  1 
to  end 
of  3  davs 
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to  end 
of  5  davs 
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